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ABSTRACT • Wood is a highly sought-after commodity traded internationally to meet the global demand for 
building materials, furniture, and paper products. The decision-making process for wood imports is intricate 
and influenced by various factors. Prioritizing these factors helps decision-makers allocate resources, time, and 
attention efficiently and make well-informed and strategically effective decisions. This study proposes an inter-
val-valued Pythagorean fuzzy analytic hierarchy process (AHP)-based decision-making framework to identify 
and analyze factors influencing wood import decisions. With the aim in mind, four main factors are determined: 
“economic factors”, “political factors”, “material-related factors”, and “market factors”. Each main factor has 
four sub-factors. The interval-valued Pythagorean fuzzy AHP method reveals the weight of each factor based on 
experts’ perspectives. According to the results, the most important main factor is “economic factors”. The sub-fac-
tors with the highest local importance are: “supply chain and logistics management” in the “economic factors” 
group, “political stability” in the “political factors” group, “wood species” in the “material-related factors” 
group, and “demand and demand trends” in the “market factors” group. The global weights show that the most 
important sub-factors are “supply chain and logistics management”, “political stability”, and “wood species”. 
The model’s robustness is assessed through sensitivity, validity, and comparative analyses, and high stability is 
observed in the ranking of the factors.

KEYWORDS: wood import; analytic hierarchy process; Pythagorean fuzzy set; expert perspective; supply chain

SAŽETAK • Drvo je vrlo tražena roba kojom se trguje na međunarodnoj razini kako bi se zadovoljila globalna 
potražnja za građevnim materijalom, namještajem i proizvodima od papira. Proces donošenja odluka o uvozu 
drva zamršen je i na nj utječu različiti čimbenici. Određivanje prioritetnih činitelja pomaže donositeljima odluka 
da učinkovito rasporede resurse, vrijeme i pozornost te da donesu dobro utemeljene i strateški učinkovite odluke. 
Ova je studija prijedlog okvira odlučivanja utemeljenoga na Pitagorinu neizrazitom analitičkom hijerarhijskom 
procesu (AHP) s intervalnim vrijednostima za prepoznavanje i analizu utjecaja na odluke o uvozu drva. S tim ci-
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ljem utvrđene su četiri osnovne skupine utjecajnih čimbenika: ekonomski čimbenici, politički čimbenici, čimbenici 
povezani s materijalom i tržišni čimbenici. Svaka skupina tih čimbenika ima četiri podčimbenika. Pitagorina ne-
izrazita AHP metoda s intervalnim vrijednostima otkriva važnost svakog čimbenika na temelju stajališta stručnja-
ka. Prema rezultatima istraživanja, najvažniju skupinu glavnih čimbenika čine ekonomski utjecaji. Podčimbenici 
s najvećom lokalnom važnosti jesu upravljanje opskrbnim lancem i logistikom u skupini ekonomskih čimbenika, 
politička stabilnost u skupini političkih čimbenika, vrsta drva u skupini čimbenika povezanih s materijalima te 
potražnja i trendovi potražnje u skupini tržišnih čimbenika. Globalni ponderi pokazuju da su najvažniji podčimbe-
nici upravljanje opskrbnim lancem i logistikom, politička stabilnost i vrsta drva. Robusnost modela procjenjuje se 
na temelju osjetljivosti, valjanosti i komparativne analize, a visoka stabilnost uočena je u rangiranju čimbenika.

KLJUČNE RIJEČI: uvoz drva; analitički hijerarhijski proces; Pitagorin neizraziti skup; stručna perspektiva; 
opskrbni lanac

1  INTRODUCTION
1.  UVOD

Wood is a highly popular natural material utilized 
extensively across the globe. Its broad spectrum of ap-
plications stems from its strength, aesthetic appeal, dura-
bility, ease of processing, and lightweight nature. Wood 
is commonly used in the construction industry for vari-
ous purposes such as building frames, flooring, roofing, 
and walls (De Araujo et al., 2016). Additionally, it is ex-
tensively used in the furniture industry for manufactur-
ing chairs, tables, and cabinets (Geng et al., 2019). The 
paper industry relies heavily on wood pulp for manufac-
turing paper products. Wood is also used for decorative 
purposes such as interior design, sculptures, and handi-
crafts (Park et al., 2010). The global demand for wood 
has been steadily increasing over the years, driven by 
population growth, urbanization, and economic devel-
opment. As a result, the international trade of wood and 
wood products has risen to meet both domestic and for-
eign demands (Bit and Banerjee, 2014).

Wood import provides access to wood materials 
that might not be available in a specific region due to 
several reasons such as unsuitable climate or lack of 
resources for growing specific species of trees or lim-
ited domestic production capacity. Wood import helps 
to meet the growing demand for wood products, re-
duces dependency on a single source of wood, miti-
gates the risks associated with fluctuations in supply 
and price, and supports various industries such as con-
struction, furniture making, and paper production 
(Gültekin et al., 2009). Importing wood is a complex 
process that is influenced by various factors such as 
cost, quality, and availability (Vu et al., 2020). Under-
standing which factors are most important and prior-
itizing them accordingly helps decision-makers make 
more informed and effective choices. By weighing up 
these factors, organizations can optimize their deci-
sion-making processes, reduce risks, and make more 
strategic decisions about their wood sourcing and sup-
ply chain management.

The literature contains several studies examining 
the purchase and sale of wood and wood products. Ara-

batzis and Klonaris (2009) evaluated the import de-
mand for different categories of wood and wood prod-
ucts in Greece between 1969 and 2001 using a linear 
approximation of the quadratic AIDS model. Gültekin 
et al. (2009) identified the capacities and amounts of 
raw materials purchased by the subsectors of the Turk-
ish forest industry and made demand forecasts for fu-
ture periods. Limaei et al. (2011) detected significant 
relationships between wood imports and population, 
gross domestic product, and domestic wood produc-
tion. Kukrety et al. (2013) evaluated the current Red 
Sanders wood trade in southern India using a SWOT-
analytic hierarchy process (AHP) framework. Bit and 
Banerjee (2014) stated that the import of forestry-based 
products is increasing in terms of volume, value, and 
unit prices. Buongiorno (2016) conducted a study on 
gravity models of forest product trade, while Kolo and 
Tzanova (2017) focused on forecasting German forest 
product trade using a vector error correction model. 
Khosravi et al. (2018) examined the level of interna-
tional trade and intra-industry trade as two indices of 
globalization and incorporated them into the import 
demand functions of various wood product categories 
in Iran. Bayram (2020) used the Entropy-TOPSIS 
methodology to evaluate the economic contribution of 
forest product trade in Turkey. Vu et al. (2020) ana-
lyzed the determinants of Vietnam’s wood products 
trade using a gravity model. The researchers found that 
economic size, distance, and level of openness of the 
economy were significant determinants. Adhikari et al. 
(2022) utilized time-series modeling to examine the ef-
fects of foreign remittances on timber imports.

The literature review highlights the absence of 
identification and prioritization of factors influencing 
wood import decisions in the previous studies. It is 
challenging to determine which factors are more im-
portant than others. However, multicriteria decision-
making methods can be employed to ascertain the most 
significant factors. One of the most popular and widely 
practiced multicriteria decision-making methods is the 
AHP. The AHP method involves creating a hierarchy 
of factors, sub-factors, and alternatives and comparing 
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their relative importance through pairwise compari-
sons. Decision-makers assign weights to each decision 
element and use them to prioritize different options 
(Oblak et al., 2017). One of the key benefits of using 
the AHP is that it allows decision-makers to incorpo-
rate their expertise and judgment into the decision-
making process. Furthermore, it is flexible and adapt-
able to different contexts and allows for easy updating 
of preferences. The AHP method is very useful in situ-
ations where decision-making involves multiple fac-
tors that are difficult to quantify or compare directly 
(Bhutta and Huq, 2002; Ishizaka and Labib, 2009). 

Decision-making processes are often influenced 
by uncertainties and inaccurate information sources. 
To address these issues, the AHP method can be 
equipped with the fuzzy set theory. The Pythagorean 
fuzzy set has emerged as a powerful tool for incorpo-
rating fuzziness into the AHP. It provides a new way to 
model uncertain information by incorporating degrees 
of membership, non-membership, and indeterminacy. 
This allows decision-makers to express their prefer-
ences in a more nuanced way. The interval-valued Py-
thagorean fuzzy set is a generalization of the Pythago-
rean fuzzy set. It assigns an interval instead of a precise 
value to each element. The interval width provides ad-
ditional information about the level of uncertainty as-
sociated with each element (Milošević et al., 2023).

The decision-making process regarding the im-
portation of wood materials requires careful evaluation 
of multiple factors. There is a lack of research on the 
most important factors that influence this decision, and 
fuzzy decision-making methods have not been applied 
to this topic. To address this gap in the literature, this 
study uses the interval-valued Pythagorean fuzzy AHP 
method to identify and analyze factors influencing 
wood import decisions. This study makes a novel con-
tribution to the field by being the first to prioritize the 
key factors related to the wood import process. The re-
sults of the current study provide a valuable guide to 
decision-makers to navigate the complexity of wood 
imports more effectively.

2  MATERIALS AND METHODS
2.  MATERIJALI I METODE

2.1  Interval-valued Pythagorean fuzzy set
2.1.  Pitagorin neizraziti skup s intervalnim 

vrijednostima

The fuzzy set theory enables working with im-
precise data and making effective decisions, even when 
exact values are unattainable (Sorkheh et al., 2018). 
The Pythagorean fuzzy set is a notable fuzzy extension 
characterized by membership degrees (µP̃ (x)) and non-
membership degrees (νP̃ (x)). Unlike the ordinary fuzzy 
set, the Pythagorean fuzzy set allows the sum to exceed 

one. However, the sum of their squares is at most one 
(Zhang and Xu, 2014). The interval-valued Pythago-
rean fuzzy set builds upon the Pythagorean fuzzy set. 
This fuzzy set uses a pair of intervals to represent 
membership and non-membership degrees. The inter-
val-valued Pythagorean fuzzy set offers a more power-
ful approach to modeling imprecise information. This 
fuzzy set is formally defined as presented in Eq. (1).

 (1)

The values of the parameters are between zero 
and one. Indeterminacy degrees are computed using 
Eq. (2) (Wu et al., 2019).

  (2)

The following equations elucidate the basic alge-
braic operations applied to two interval-valued Pythag-
orean fuzzy numbers (Yanmaz et al., 2020).

 (3)

 (4)

 (5)

 (6)

2.2  Interval-valued Pythagorean fuzzy 
analytic hierarchy process

2.2.  Pitagorin neizraziti analitički hijerarhijski 
proces s intervalnim vrijednostima

The AHP is a widely used decision-making tool 
that helps individuals and organizations solve complex 
decision problems. This method involves four main 
steps. Firstly, the decision problem is hierarchically 
structured. Secondly, pairwise comparisons are made 
using a nine-point scale to create comparison matrices 
showing decision-makers’ preferences. Thirdly, incon-
sistencies in comparisons are identified and corrected. 
Finally, the importance of decision elements is deter-
mined by normalizing the matrices and calculating row 
averages (Özşahin et al., 2019). Making decisions be-
comes more difficult when decision-makers’ prefer-
ences are uncertain or subjective. Decision-makers of-
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ten prefer to use linguistic terms to express their 
preferences. Hence, various fuzzy logic-based deci-
sion-making methods have been developed to handle 
uncertain judgments. The interval-valued Pythagorean 
fuzzy AHP method enables decision-makers to make 
more flexible and nuanced judgments. Some remarka-
ble studies that have utilized the Pythagorean fuzzy 
AHP can be listed as follows: landfill site selection 
(Karasan et al., 2019), solar panel manufacturer selec-
tion (Seker and Kahraman, 2021), spaceport selection 
(Demiralay et al., 2022), pandemic hospital site selec-
tion (Boyacı and Şişman, 2022), building smartness 
assessment (Milošević et al., 2023), and assessment of 
biomass energy barriers (Shahzad et al., 2023). The 
interval-valued Pythagorean fuzzy AHP procedure 
considered in this study is as follows:

Step 1: Factors are compared with each other us-
ing Table 1 to create pairwise comparison matrices.

The evaluation scale helps decision-makers as-
sign importance to factors through pairwise compari-
sons. This scale has linguistic terms corresponding to 
numerical values. Decision-makers use these linguistic 
terms to indicate how much more important factor i is 
compared to factor j. Once a linguistic term is selected, 
it is translated into a corresponding interval-valued Py-
thagorean fuzzy number. These fuzzy numbers repre-
sent decision-makers’ judgments in a quantitative 
form, enabling numerical calculations.

Step 2: Each matrix consistency is assessed by 
applying Eq. (7). Should the CR index surpass 0.10, 
responders are required to reevaluate their decisions.

  (7)
Here, lmax refers to the maximum eigenvalue. The 

table of the RC indexes can be seen in Saaty (1980). 
The consistency of each matrix is evaluated using crisp 
score indexes. These values are determined by match-
ing the linguistic terms with Saaty’s scale (Karasan et 
al., 2019). For example, the linguistic term “absolutely 
more important” corresponds to a value of 9 according 

to Saaty’s scale. The consistency ratio is determined by 
adhering to the traditional AHP framework.

Step 3: Difference matrices are derived using 
Eqs. (8) and (9).
  (8)

  (9)

Step 4: Interval multiplicative matrices are de-
rived using the following equations:

  (10)

  (11)

Step 5: Indeterminacy values are obtained using 
Eq. (12).
  (12)

Step 6: Weight matrices are created in accord-
ance with the following equation:

  (13)

Step 7: Weights are obtained using Eq. (14).

  (14)

2.3  Decision-making framework
2.3.  Okvir za donošenje odluka

The demand for wood and wood products has in-
creased globally in recent years, resulting in a surge in 
wood imports in many countries. Wood import decisions 
are influenced by various factors, including price, wood 
species, and demand trends. Recognizing the signifi-
cance of these factors and comprehending how they in-
fluence the decision-making process are paramount for 
decision-makers to allocate resources, time, and atten-
tion efficiently and to make well-informed and strategi-
cally effective decisions. In this study, the key factors 
affecting wood import decisions are analyzed using the 
interval-valued Pythagorean fuzzy AHP method. The 

Table 1 Evaluation scale (Seker and Kahraman, 2021)
Tablica 1. Skala ocjenjivanja (Seker i Kahraman, 2021.)

Linguistic term
Lingvistički pojam

Interval-valued Pythagorean fuzzy number
Pitagorin neizraziti broj s intervalnom vrijednošću
μL μU vL vU

Absolutely less important / apsolutno manje važno 0.03 0.16 0.74 0.87
Much less important / dosta manje važno 0.12 0.25 0.65 0.78
Less important / manje važno 0.21 0.34 0.56 0.69
Slightly less important / malo manje važno 0.30 0.43 0.47 0.60
Equally important / jednako važno 0.38 0.51 0.38 0.51
Slightly more important / malo važnije 0.47 0.60 0.30 0.43
More important / više važno 0.56 0.69 0.21 0.34
Much more important / dosta važnije 0.65 0.78 0.12 0.25
Absolutely more important / apsolutno važnije 0.74 0.87 0.03 0.16
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results of the study are supported by a robustness analy-
sis. The steps of this study are shown in Figure 1.

The research was conducted in Turkey. The geo-
graphical, economic, and industrial characteristics of 
the country make it a compelling case for analyzing 
wood import decisions. Turkey serves as a significant 
trade hub, linking Europe, Asia, and the Middle East. 
Its proximity to wood-exporting regions impacts its 
import patterns and decision-making processes. The 
construction, furniture, and paper industries in Turkey 
have experienced substantial growth, leading to a surge 
in demand for wood. Since domestic forestry produc-
tion cannot fully meet this demand, imports play a cru-
cial role in maintaining supply chain continuity. The 
increasing industrial demand makes strategic import 
decisions essential for meeting the need (Gültekin et 
al., 2009; Bayram, 2020). The insights from this study 
can guide decision-makers in managing wood imports.

The application of the interval-valued Pythago-
rean fuzzy AHP method requires input data from deci-
sion-makers to rank decision elements. Therefore, an 
expert team was formed. The selection of team mem-

bers is based on the following criteria: (i) advanced 
education (preferably at the postgraduate level), (ii) a 
minimum of five years of relevant experience, (iii) re-
search publications related to the study topic; and (iv) 
previous involvement in multicriteria decision-making 
research. For multicriteria decision-making methods, 
there are no strict guidelines regarding the number of 
respondents required. Since the AHP is not a methodol-
ogy based on statistical principles, it can be effectively 
applied with a small sample size. The method is techni-
cally sound and does not necessitate a large number of 
participants for its implementation (Ahmadi et al., 
2015). Hence, ten experts were consulted in the study. 
The expert panel ensured balanced representation from 
both academia and industry, comprising specialists in 
supply chain management, procurement, manufactur-
ing, and trade.

Several factors were discovered from the litera-
ture (Gültekin et al., 2009; Limaei et al., 2011; Kukrety 
et al., 2013; Bit and Banerjee, 2014; Khosravi et al., 
2018; Bayram, 2020; Vu et al., 2020). The list of fac-
tors obtained from the literature was refined and ex-

 

Constructing the factor hierarchy 

Literature 
review 

Expert 
interviews 

Determining the linguistic terms 
and their fuzzy values 

Phase 1  
Structuring the problem 

 

Calculating the indeterminacy values 

Constructing the comparison matrix for each 
factor 

Establishing the difference matrix 

Creating the interval multiplicative matrix 

Consistency verification 

Calculating the global importance of each factor 

Obtaining the weight matrix 

Phase 2  
Determining the weights 

Determining the crisp weight of each factor 

 

Ranking the factors by the global weights 

Ranking the factors by the local weights 

Phase 3  
Factor prioritization 

Robustness analysis 

Figure 1 Steps of the present study
Slika 1. Koraci u ovoj studiji
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panded by the team. The final hierarchy of factors was 
predominantly shaped by expert input. The hierarchi-
cal structure of the problem was devised with one goal, 
four main factors, and sixteen sub-factors. Figure 2 il-
lustrates the hierarchical structure devised in the study.

The main factors determined for the problem are 
“economic factors”, “political factors”, “material-re-
lated factors”, and “market factors”. The sub-factors of 
“economic factors” are identified as “supply chain and 
logistics management”, “production costs”, “price and 
payment terms”, and “exchange rate and interest rate 
fluctuations”. The sub-factors of “political factors” are 
defined as “trade agreements”, “taxes and import quo-
tas”, “international relations”, and “political stability”. 
The sub-factors of “material-related factors” are identi-
fied as “wood species”, “wood quality and suitability”, 
“country of origin”, and “sustainability”. Lastly, the 
sub-factors of “market factors” are determined as 
“competition”, “local wood production”, “demand and 
demand trends”, and “technological infrastructure”.

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

The experts in the team were called upon to ex-
press their preference between every pair of factors. The 
research was conducted over a two-month period, from 
October to November 2023. The completion of the fuzzy 
AHP questionnaires relies on the utilization of the verbal 
labels presented in Table 1 (Seker and Kahraman, 2021). 
The consensus-building process is applied to execute 
collaborative decision-making. It is carried out over 
three rounds. The collected responses are analyzed to 
identify common themes and points of disagreement. In 
the subsequent round, the experts review the group’s 
feedback and reassess their opinions. The final stage in-
volves reviewing the collected input to confirm the areas 
of consensus. The linguistic preferences expressed by 
the experts are converted into the corresponding inter-
val-valued Pythagorean fuzzy numbers. The main fac-
tors are assessed in relation to the goal, and the sub-fac-
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Level 1: Goal Level 2: Main factors Level 3: Sub-factors 

Economic factors (F1) 

Supply chain and logistics management (F11) 

Production costs (F12) 

Price and payment terms (F13) 

Exchange rate and interest rate fluctuations (F14) 

Trade agreements (F21) 

Taxes and import quotas (F22) 

International relations (F23) 
Political factors (F2) 

Political stability (F24) 

Wood species (F31) 

Wood quality and suitability (F32) 

Country of origin (F33) 
Material-related factors (F3) 

Sustainability (F34) 

Competition (F41) 

Local wood production (F42) 

Demand and demand trends (F43) 
Market factors (F4) 

Technological infrastructure (F44) 

Figure 2 Proposed decision tree
Slika 2. Predloženo stablo odlučivanja
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tors are appraised in alignment with their relevant main 
factor. The matrices constructed for all the factors are 
presented in Tables 2-6. The consistency ratios calculat-
ed for the pairwise comparison matrices are: 0.04 for 
Table 2, 0.03 for Tables 3 and 4, and 0.05 for Tables 5 
and 6. Since the resulting values are below 0.10, the 
pairwise comparisons are considered acceptable.

The weights of the main factors are determined 
based on the calculation procedure of the interval-val-
ued Pythagorean fuzzy AHP and are presented in Fig-
ure 3. According to the obtained results, “economic 
factors” (0.361) and “political factors” (0.292) have 
the most significant impact on wood import decisions.

The weight values obtained for the sub-factors of 
“economic factors” are presented in Figure 4. The most 

significant sub-factor is “supply chain and logistics 
management” (0.450). This sub-factor has the most 
significant impact on the decision-making process. 
Supply chain and logistics management involve how 
efficiently and effectively an organization manages the 
movement of goods and materials. It can significantly 
impact a business’s ability to meet demand, reduce 
costs, and maintain product quality. Efficient and reli-
able management plays a crucial role in ensuring the 
timely and effective delivery of wood materials. The 
second most significant sub-factor is “price and pay-
ment terms” (0.295). The cost of wood materials and 
payment terms offered by suppliers influence the deci-
sion-making process. Importers should consider crite-
ria such as pricing competitiveness, discounts, credit 

Table 2 Fuzzy comparison matrix for the main factors
Tablica 2. Neizrazita matrica usporedbe za glavne čimbenike

Factor F1 F2 F3 F4

F1 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.47, 0.60], [0.30, 0.43]〉 〈[0.56, 0.69], [0.21, 0.34]〉
F2 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.47, 0.60], [0.30, 0.43]〉 〈[0.47, 0.60], [0.30, 0.43]〉
F3 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.47, 0.60], [0.30, 0.43]〉
F4 〈[0.38, 0.51], [0.38, 0.51]〉

Table 3 Fuzzy comparison matrix for the “economic factors” group
Tablica 3. Neizrazita matrica usporedbe za skupinu ekonomskih čimbenika

Factor F11 F12 F13 F14

F11 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.56, 0.69], [0.21, 0.34]〉 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.65, 0.78], [0.12, 0.25]〉
F12 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.30, 0.43], [0.47, 0.60]〉 〈[0.47, 0.60], [0.30, 0.43]〉
F13 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.56, 0.69], [0.21, 0.34]〉
F14 〈[0.38, 0.51], [0.38, 0.51]〉

Table 4 Fuzzy comparison matrix for the “political factors” group
Tablica 4. Neizrazita matrica usporedbe za skupinu političkih čimbenika

Factor F21 F22 F23 F24

F21 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.30, 0.43], [0.47, 0.60]〉 〈[0.47, 0.60], [0.30, 0.43]〉 〈[0.21, 0.34], [0.56, 0.69]〉
F22 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.65, 0.78], [0.12, 0.25]〉 〈[0.30, 0.43], [0.47, 0.60]〉
F23 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.03, 0.16], [0.74, 0.87]〉
F24 〈[0.38, 0.51], [0.38, 0.51]〉

Table 5 Fuzzy comparison matrix for the “material-related factors” group
Tablica 5. Neizrazita matrica usporedbe za skupinu čimbenika povezanih s materijalom

Factor F31 F32 F33 F34

F31 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.47, 0.60], [0.30, 0.43]〉 〈[0.74, 0.87], [0.03, 0.16]〉 〈[0.56, 0.69], [0.21, 0.34]〉
F32 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.65, 0.78], [0.12, 0.25]〉 〈[0.47, 0.60], [0.30, 0.43]〉
F33 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.38, 0.51], [0.38, 0.51]〉
F34 〈[0.38, 0.51], [0.38, 0.51]〉

Table 6 Fuzzy comparison matrix for the “market factors” group
Tablica 6. Neizrazita matrica usporedbe za skupinu tržišnih čimbenika

Factor F41 F42 F43 F44

F41 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.47, 0.60], [0.30, 0.43]〉 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.65, 0.78], [0.12, 0.25]〉
F42 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.21, 0.34], [0.56, 0.69]〉 〈[0.56, 0.69], [0.21, 0.34]〉
F43 〈[0.38, 0.51], [0.38, 0.51]〉 〈[0.74, 0.87], [0.03, 0.16]〉
F44 〈[0.38, 0.51], [0.38, 0.51]〉
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terms, and payment flexibility when importing wood 
materials. “Production costs” is assigned a weight val-
ue of 0.161. “Exchange rate and interest rate fluctua-
tions” has the lowest weight value of 0.094. Importers 
may monitor these fluctuations to mitigate potential 
risks but may not consider them as the primary deter-
minants of their import decisions.

Figure 5 illustrates the weights for the “political 
factors” group. According to the results, the sub-factor 
with the highest local importance is “political stability” 
(0.513). The high importance of “political stability” in-
dicates that the experts place significant emphasis on 
the stability of the political environment in source 
countries. A stable political environment provides pre-
dictability and security, which are essential for the 
smooth operation of international trade. When a coun-
try’s political situation is stable, it reduces the risk of 
disruptions or sudden policy changes that could impact 
the flow of wood imports. The second most significant 
sub-factor appears to be “taxes and import quotas” 
(0.295). Higher taxes and quotas can increase the cost 
of importing wood, which, in turn, can negatively af-
fect the profitability of businesses. Importers may seek 

countries or regions with more favorable tax policies 
and fewer import restrictions to enhance their financial 
performance. “International relations” (0.066) has the 
least impact on the decision-making process. While 
“international relations” has some influence, it is not as 
critical as the other sub-factors.

When examining the weight values presented in 
Figure 6, it can be seen that “wood species” (0.518) is 
the most important sub-factor within the “material-relat-
ed factors” group. This implies that the type of wood 
species is a critical factor that affects importers’ deci-
sion-making process. Different wood species have vary-
ing properties such as durability, appearance, and work-
ability. Importers may rank or sort specific wood species 
to meet the requirements of their customers or applica-
tions. The weight value of 0.298 obtained for “wood 
quality and suitability” indicates that this sub-factor is 
also a crucial aspect. Importers must ensure that import-
ed wood materials meet specific quality standards and 
are suitable for their intended applications. This includes 
some considerations such as moisture content, grain pat-
tern, and defects. “Country of origin” (0.081) is less im-
portant than the other sub-factors. Importers may con-
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Figure 3 Modeling results for the main factors
Slika 3. Rezultati modeliranja za glavne čimbenike
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Figure 4 Modeling results for sub-factors of “economic factors”
Slika 4. Rezultati modeliranja za podčimbenike skupine ekonomskih čimbenika
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sider the country of origin for logistical and market 
perception reasons, but it does not carry as much weight 
in the decision-making process.

The local importance of the sub-factors of “mar-
ket factors” can be seen from Figure 7. It is observed 
that “demand and demand trends” (0.477) is the most 
significant sub-factor affecting wood import decisions. 
This indicates that the volume of wood demanded by 
the market and changes in demand trends are the most 
important considerations. Factors such as population 
growth, economic development, and shifts in consum-
er preferences could all impact the importance of “de-
mand and demand trends”. “Competition” (0.302) 
 appears to be a relatively significant sub-factor. Com-
petition in the wood import market can affect prices, 
availability, and market share. The weight value of 
0.056 for “technological infrastructure” indicates that 
this sub-factor is less important compared to the other 
sub-factors.

The global weights are determined in order to pri-
oritize the whole sub-factors based on their importance 
(Figure 8). These weights are obtained by synthesizing 
the local weights obtained from the pairwise compari-

sons of the main factors and their sub-factors. “Supply 
chain and logistics management” emerges as the most 
important factor, with a weight of 0.163, highlighting 
the significance of efficient and effective transportation 
and distribution networks. The ability to track ship-
ments, ensure timely delivery, and manage any potential 
disruptions is crucial for ensuring a successful import 
process. “Political stability” is ranked second with a 
weight of 0.150, emphasizing the importance of a stable 
political environment in facilitating smooth trade opera-
tions. Political instability can lead to uncertain and un-
predictable conditions that can negatively impact busi-
ness operations. A stable political environment can help 
ensure consistent and reliable trade relationships. “Wood 
species” and “price and payment terms” are also identi-
fied as important factors, with respective weights of 
0.109 and 0.107. Different species of wood have differ-
ent properties such as strength, durability, and aesthetic 
appeal. Choosing the right species of wood is crucial for 
ensuring customer satisfaction and the longevity of the 
final product. On the other hand, the cost of wood can 
vary widely depending on a range of factors, including 
the country of origin, wood quality, and availability. It is 
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Figure 5 Modeling results for sub-factors of “political factors”
Slika 5. Rezultati modeliranja za podčimbenike skupine političkih čimbenika
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Figure 6 Modeling results for sub-factors of “material-related factors”
Slika 6. Rezultati modeliranja za podčimbenike skupine čimbenika povezanih s materijalom
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important to negotiate favorable payment terms such as 
reasonable pricing and flexible payment options to en-
sure a profitable and sustainable business. “Taxes and 
import quotas” is also a significant factor with a weight 
of 0.086. It can impact the cost and availability of wood 
materials and can affect the overall profitability of a 
business. “Demand and demand trends”, “wood quality 
and suitability”, and “production costs” are other signifi-
cant factors.

Sensitivity, validity, and comparative analyses 
are frequently used to validate model results and assess 
output changes (Valipour et al., 2018; Karasan et al., 
2019). Hence, a validation analysis is carried out using 
the ordinary fuzzy and crisp environment with the 
same method. Subsequently, the BWM (best worst 
method) and FUCOM (full consistency method) meth-
ods are employed to compare the research results. The 

pairwise comparisons are adapted to align with the spe-
cific requirements of these crisp methods. The BWM 
analysis focuses on comparisons between the best and 
worst factors with the others, and the FUCOM analysis 
applies a sequential comparison structure based on the 
factors. Mathematical details of the BWM and FU-
COM methods can be found in Rezaei (2015) and 
Pamučar et al. (2018). Lastly, a sensitivity analysis is 
conducted by examining four different scenarios. In 
these scenarios, F1, F2, F3, and F4 represent analyses 
where the weight of each main factor is individually 
increased by 25 %. The results obtained are presented 
in Figure 9. 

According to the sensitivity analysis results, 
“supply chain and logistics management” consistently 
emerges as the most influential factor across all the 
scenarios. “Political stability” is another important fac-
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Figure 7 Modeling results for sub-factors of “market factors”
Slika 7. Rezultati modeliranja za podčimbenike skupine tržišnih čimbenika
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tor, holding the top rank in scenario F2 and showing 
strong stability with a consistent second-place ranking 
in the scenarios. “Price and payment terms” and “wood 
species” also prove to be significant, often appearing in 
the top three or four ranks across the scenarios. Price 
dynamics and the characteristics of wood particularly 
influence outcomes in scenarios F1 and F3. The results 
are highly consistent across the scenarios. Although the 
weights assigned to the factors by the methods vary, 
the overall ranking position of the factors tends to re-
main consistent. The interval-valued Pythagorean 
fuzzy AHP stands out for its ability to simultaneously 
consider membership, non-membership, and indeter-
minacy. It offers a more nuanced perspective compared 
to the other methods. These advantages make it a valu-

able tool for decision-making in complex situations. 
The results of this study can present a roadmap to make 
informed decisions about wood imports, develop more 
effective policies, improve supply chain management, 
and ensure responsible sourcing practices.

4  CONCLUSIONS
4.  ZAKLJUČAK

Wood is a highly sought-after commodity traded 
internationally to meet the global demand for building 
materials, furniture, and paper products. As the global 
wood import market continues to expand, importers 
must make informed import decisions. This study aims 
to identify and prioritize factors influencing wood im-
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Slika 9. Rezultati robusne analize
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port decisions. The study employs a multi-step ap-
proach that includes a literature review and expert in-
terviews to identify decision factors. Through this 
process, sixteen sub-factors are identified and classi-
fied into four main factors. The interval-valued Pythag-
orean fuzzy AHP method is used to assign weights to 
the factors. According to the results, “economic fac-
tors” and “political factors” are the most important 
main factors. The sub-factors with the highest local 
importance are: “supply chain and logistics manage-
ment” in the “economic factors” group, “political sta-
bility” in the “political factors” group, “wood species” 
in the “material-related factors” group, and “demand 
and demand trends” in the “market factors” group. Fur-
thermore, the global priority of the sub-factors is ob-
tained as follows: “supply chain and logistics manage-
ment” (16.3 %), “political stability” (15 %), “wood 
species” (10.9 %), “price and payment terms” (10.7 
%), “taxes and import quotas” (8.6 %), “demand and 
demand trends” (6.5 %), “wood quality and suitability” 
(6.3 %), “production costs” (5.8 %), “competition” 
(4.1 %), “trade agreements” (3.7 %), “exchange rate 
and interest rate fluctuations” (3.4 %), “local wood 
production” (2.3 %), “sustainability” (2.2 %), “interna-
tional relations” (1.9 %), “country of origin” (1.7 %), 
“technological infrastructure” (0.8 %). The model’s 
results allow decision-makers to determine the most 
important factors in the decision-making process.

The results of the current study have significant 
implications for businesses and policymakers. With a 
clear understanding of the key factors, these groups 
can make more informed choices about sourcing and 
purchasing wood. For businesses, the study can help 
identify which factors are most important in the deci-
sion-making process. This information can inform 
business sourcing strategies and supply chain manage-
ment, ultimately leading to more efficient operations. 
For policymakers, the study can inform regulations and 
policies related to the trade, importation, and transpor-
tation of wood materials.

The decision model involves gathering expert 
opinions on the importance of each factor, performing 
interval-valued Pythagorean fuzzy AHP calculations, 
determining the importance weights of the factors, and 
analyzing the ranking results. It can be updated as new 
information or expert insights become available. The 
updating process involves incorporating new or re-
vised factors, considering expert opinions, and recalcu-
lating the importance weights using the interval-valued 
Pythagorean fuzzy AHP method. This study provides 
valuable insights into the wood import process. How-
ever, there is a limitation: the challenge of applying the 
weighted factors to sectors outside the forest industry. 
The original set of factors and their assigned weights 
may not fully align with the specific requirements of 

sectors different from the forest industry. The decision 
model can be adapted to various contexts beyond the 
wood supply chain by adjusting the factors.

This research presents a unique and valuable con-
tribution to the field, as it is the first study to rank the 
most important factors affecting wood import deci-
sions and apply the fuzzy multicriteria decision-mak-
ing technique to the problem. Specifically, the study 
stands out in the following ways: (i) identifying, clas-
sifying, and prioritizing the most important factors in-
fluencing wood import decisions; (ii) conducting a 
comprehensive analysis of the identified factors; (iii) 
accounting for uncertainties and indeterminacies in the 
wood import decision-making process; (iv) incorporat-
ing expert perspectives into the problem-solving pro-
cess; (v) employing the interval-valued Pythagorean 
fuzzy set to solve the problem; and (vi) providing a 
valuable guide to decision-makers for making more in-
formed and effective import decisions. In conclusion, 
this study makes a valuable contribution to the growing 
literature on import decisions. Further research can ex-
plore the interdependency among the identified factors 
via a fuzzy cognitive map.
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